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Abstract 
Perovskite type catalysts La1-xSrxCoO3 (x=0, 0.2) composition prepared by co precipitation method which were tested for carbon 
monoxide (CO) oxidation. The prepared perovskite samples were characterized by X-ray diffraction (XRD), BET surface area, scanning 
electron microscope (SEM), energy dispersive X-ray spectroscopy (EDX), temperature-programmed reduction by hydrogen (H2-TPR). 
XRD analysis showed that La1-xSrxCoO3 (x=0, 0.2) are a single-phase perovskite type oxides. Traces of La0.6Sr0.4CoO3 in addition to 
perovskite phase were detected in the La0.8Sr0.2CoO3 catalyst. Specific surface area of perovskites were 2.60 m2g-1 and 5.31 m2g-1 for 
LaCoO3 and La0.8Sr0.2CoO3  respectively. 
 
The catalytic activity of the perovskite samples (for low-temperature CO oxidation) was measured using a stainless steel reactor with an 
inlet gas mixture containing 1% CO, 1% O2 and 98% N2. The perovskites catalysts showed good structural and chemical stability and high 
activity for the catalytic CO oxidation reaction. La0.8Sr0.2CoO3 exhibited higher activity for CO conversion than LaCoO3. 100% CO 
oxidation at 268 0C was achieved with this catalyst. Strontium substitution in LaCoO3 is responsible for enhanced CO oxidation activity 
due to easy reduction of transition metal and oxygen desorption properties. 
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Nomenclature 
rA                 ionic radius of cation A 
rB                  ionic radius of cation B 
TWC three way catalytic converter  
t tolerance factor 
rO                 ionic radius of anion O 
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1. Introduction 
    Due to industrialization and globalization, usage of automobiles increased drastically [1-3]. Three Way Catalytic 
Converter (TWC) with noble (Platinum Group – Pt, Pd and Rh) metal based is convenient way of treating poisonous gases 
released from tail pipe of automobiles like HC, CO and NOx which create negative impact on air quality, the environment 
and human health.. Noble metals convert carbon monoxide (CO) into CO2, nitrogen oxides (NOx) to nitrogen and unburned 
hydrocarbons (HC) into CO2 and water [3-6]. Noble metal catalysts have limitations like high cost due to limited resources, 
volatilization and sintering at high temperature [1,3]. Therefore, it is deemed necessary to investigate other catalytic 
material which can overcome the limitations of noble metals used in TWC.  
Perovskite oxides is a new catalytic material which overcome the limitations of supported noble metals for treatment of 
poisonous gases because of their low cost, chemical and thermal stability at high temperatures and excellent redox 
properties [1,3,7]. The general chemical formula for perovskite compounds is ABO3 where A and B are two cations of very 
different sizes and O is an anion. The size of A atoms are large than the size of B atoms. A ion can be rare earth, alkaline 
earth, alkali and other large ions such as Pb+2, Bi+3. The B ion can be 3d, 4d and 5d transition metal. The ideal cubic-
symmetry structure has B surrounded by six oxygen in octahedral coordination and A cation coordinated by 12 oxygen 
[1,3,7,8]. Perovskite is highly stable if tolerance factor t [t = (rA + rO)/  2(rB + rO)] is in the range 0.75–1.0 and also wide 
variety of metallic cations can occupy the A and B sites [8,9]. 
The catalytic properties of perovskite-type oxides basically depend on the nature of A and B ions and on their valence 
state. The A site ions are catalytically inactive. The nature of these ions is responsible for stability of the perovskite phase. 
Replacement of part of A or B ions with other cations can change catalytic properties either by generating oxygen vacancies 
and/or by changing the valence state of the original cations. Perovskite compounds can also tolerate significant partial 
substitution of different oxidation states and non-stoichiometry while still maintaining the perovskite structure [10,11].  
 
P Ciambelli et. al. pointed out that partial substitution of lanthanum with divalent ions in particular Sr+2 increases the 
average oxidation state of B cation in the case of Co and Fe based perovskites without significant formation of anion 
vacancies.  Due to substitution, the transition metals reduce easily and larger quantities of oxygen are available at low 
temperature which enhances oxidation activity of catalyst [11].  Y. Liu et. al. reported that A site substitution with other 
cation may be possible route for producing high surface area perovskites. They pointed out that the surface areas of La1-
xAxMnO3 (A: Sr, Ce, Eu or K) are much higher than that of LaMnO3 as sintered at same temperature and also exhibited high 
oxidation activity [12]. K Song et. al. studied the effects of A site substitution on the catalytic properties and reported that 
the catalytic activity increased remarkably by the  substitution of La+3 with Ag+, Sr+2 and Ce+4 in LaMnO3 perovskites [13]. 
S Royer et al. explained that catalyst activity increase by partial substitution of the A cation by cations of different valences 
like Sr+2 and Ce+4 by modifying the vacancy concentration. This substitution also influences the transition metal valances 
and the oxygen mobility [14]. 
    In this work, perovskite type oxides La1-xSrxCoO3 (x=0, 0.2) were prepared by co precipitation method. These structures 
were characterized by X-ray diffraction (XRD), BET surface area, scanning electron microscope (SEM), energy dispersive 
X-ray spectroscopy (EDX), temperature-programmed reduction by hydrogen (H2-TPR). The activities of the samples were 
also evaluated in carbon monoxide oxidation reaction. 
2. Experimental 
2.1. Preparation of perovskites 
The following salt precursors were used for perovskites synthesis: La(NO3)3–6H2O, Co(NO3)2–6H2O, Sr(NO3)2. Co- 
precipitation samples were produced by precipitation of the nitrate precursors. A certain amount of nitrate salts containing 
La+3, Co+2 and Sr+2 cations were dissolved in distilled water. 1 M Na2CO3 was quickly added to the precursors under 
vigorous stirring until pH 10. The precipitate was allowed to age for 30 min at room temperature. The obtained precipitate 
was filtered and washed with distilled water until a pH of 7 is reached. The compound was then dried at 100 0C overnight in 
hot air oven and crushed to a fine powder. Fine powder was calcined in muffle furnace at 750 0C under air atmosphere for 5 
h.
2.2. Characterization of perovskites 
The crystalline phases identification was done by X-ray diffraction using PW1774 Spinner Diffractometer system 
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XPERT-MPD operated at 40 kV and 30 mA with Ni-filtered Cu K  radiation (  = 1.5406 Å). Diffractograms were recorded 
with step scans from 20 to 990 in 2  angle and 1 s for each 0.050 step. Phase detection was made by comparison with JCPDS 
data bank. Specific surface areas were obtained from adsorption/desorption isotherms of N2 at -196 0C determine using 
Micromeritics ASAP 2010 instrument. Samples were degassed at 300 0C under vacuum (10-3 Pa) until complete removal of 
humidity for 3 h prior to adsorption/desorption experiments. The specific surface area was determined from the linear part 
of the BET curve. The pore size distribution was calculated from the desorption branch of N2 adsorption/desorption 
isotherms using the Barrett–Joyner–Halenda (BJH) formula. Pore volume and average diameter were also obtained from the 
pore size distribution curves using the software. The morphology of catalysts was analyzed with magnification of 50000 by 
a scanning electron microscope (SEM) using a JEOL LEO 44 i instrument operated at 10 kV. Energy Dispersive of X-Ray 
(EDX) of samples was carried out in JEOL made instrument JEM2100 model which has attached detector OXFORD 
Instrument INCA X-SIGHT model. EDX was used to investigate the morphology as well as the elemental composition. 
Temperature programmed reduction (H2-TPR) experiments were performed using a Micromeritics TPR 2970 analyzer 
equipped with a TC detector. For TPR experiments, 0.5 gm of catalyst in form of pellet was placed in a quartz reactor. The 
TPR- H2 was carried out under a 20 STP ml/min flow of 8% H2 in Ar. The temperature was risen from room temperature to 
900 0C with a ramp of 10 0C/min.  The consumption of H2 was monitored and quantified using a TCD. 
 
2.3. Activity measurements  
The CO oxidations were carried out in a fixed bed of catalyst particles (ca. 0.75 g) previously added with 3 g of SiO2 
(0.5–1.5 mm granulate) in order to reduce the specific pressure drop across the reactor and to prevent thermal runaways 
placed between two ceramic blanket wool and inserted into stainless steel fixed bed reactor (I.D. 1.805 cm, O.D. 1.905 cm 
and L.50 cm). The reactor was placed in a tubular PID-regulated oven and the temperature was monitored with a K type 
thermocouple positioned in correspondence to the catalyst bed. The feed of CO oxidation (1% CO, 1% O2, N2 as balance) 
was passed through the reactor. The flow rate was adjusted to 400 ml/min which corresponds to WHSV of 32,000 Ncm3 g 1 
h 1. Reaction temperature was raised from 100 to 750 0C and product stream was analyzed by gas-chromatography (GC 
2010 Model) using Shin Carbon ST 100/120 micropacked column and a μTCD detector. Calibration was done with a 
standard gas containing known concentrations of the components. 
The CO conversion in activity tests was defined as: 
XCO= (Ff,CO - Fp,CO)/ Ff,CO   Where Ff,CO: Molar flow rate of CO in feed stream, Fp,CO: Molar flow rate of CO in product 
stream 
3. Results and Discussion 
3.1. Catalyst physicochemical characterization 
    The XRD spectra of LaCoO3 and La0.8Sr0.2CoO3 samples are compared in fig. 1. Spectra LaCoO3 in fig. 1 shows that 
calcinations at 750 0C has completely transformed lanthanum and cobalt nitrate into LaCoO3 perovskite phase (JCPDS card 
00-025-1060). The comparison of spectra of La0.8Sr0.2CoO3 in fig. 1 with JCPDS charts indicates that La0.8Sr0.2CoO3 
perovskite is essentially perovskite type mixed oxides (JCPDS card 00-025-1060). Other phase such as La0.6Sr0.4CoO3 
(JCPDS card 00-036-1393) was detected in addition to the major ABO3 perovskite phase. No spinel phase La2CoO4 (that 
normally tends to form at higher temperatures) was observed in these sample.   
 
In fig. 1 the XRD patterns of LaCoO3 and La0.8Sr0.2CoO3 samples are compared. They show some differences in the 
intensity of the perovskite peaks at the same angles. This, in fact indicates that LaCoO3 perovskite exhibited higher degree 
of crystallinity than La0.8Sr0.2CoO3 perovskite. 
 
The crystallite sizes of prepared perovskites calculated by Scherrer’s equation after Warren’s correction of instrumental 
broadening are also reported in Table 1.  
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Fig.1. XRD patterns of LaCoO3 and La0.8Sr0.2CoO3 samples 
 
 
The specific surface area (BET surface area), crystallite size, pore size and pore volume of the samples synthesized by co-
precipitation are listed in Table 1.  
Table 1. Properties of Co based catalyst 
P+O: LaCoO3, La0.6Sr0.4CoO3      P: LaCoO3 
 
In fig. 2,  SEM image of sample LaCoO3 at 50000 magnification is shown. Fig. 2 shows that coprecipiation method has 
been capable of producing nanosize perovskite crystale close to 100 nm. The morphology (shape) of catalyst is shperical  
rods. 
 
 
Fig. 2. SEM picture of LaCoO3  
 
The element analysis of the samples by EDX is shown in Table 2. According to semi-quantitative EDX results, Table 2 
shows the relative atomic concentrations of La, Sr, and Co for, LaCoO3 and La0.8Sr0.2CoO3 catalysts prepared by co 
precipitation method calcined at 750 0C respectively. The values shown in Table 2 were calculated by the EDX software 
using an averaged signal from several thousand particles. The compositions of the catalysts intended and the EDX test 
results seem to be in good agreement.  
 
Sample Calcination T (0C) Crystallite 
Size (nm) 
Phases Specific Surface area 
(m2/g) 
Pore diameter 
(nm) 
Pore volume 
(cm3/g) 
LaCoO3 750 
750 
42.09 P 2.60 5.46 0.0036 
La0.8Sr0.2CoO3 42.09 P+O 5.31 8.69 0.0115 
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Table 2.  Bulk composition (atomic %) of samples determined by EDX 
Sample Concentration (atomic %) 
 La Sr Co O 
 Exp Theo. Exp Theo. Exp Theo. Exp Theo. 
LaCoO3 18.39 19.99 - - 19.10 19.99 62.51 60.00 
La0.8Sr0.2CoO3 18.60 16.74 2.42 4.17 19.13 20.68 59.85 62.56 
3.2. Temperature programme reduction 
Fig 3. present the result of H2 reduction experiment for LaCoO3 and La0.8Sr0.2CoO3 prepared by co precipitation method. 
 
Temperature (°C)
100 200 300 400 500 600 700 800 900 1,000
TC
D
 S
ig
na
l (
a.
u.
)
-3.0
-2.8
-2.6
-2.4
-2.2
-2.0
-1.8
-1.6
-1.4
TCD Signal (a.u.) vs. Temperature
TCD Signal (a.u.) - TPR-800C
  
(a)                                                                                   (b) 
Fig. 3. H2 – temperature programmed reduction of  (a) LaCoO3 and (b) La0.8Sr0.2CoO3 
 
As seen from H2-TPR profile (Fig. 3), H2 consumption provides evidence of the complete reduction of Co3+ to Co0 
occurring in two steps from Co3+ to Co2+ with a peak maximum at 453 0C and from Co+2 to Co0 centered at 697 0C in case of 
LaCoO3. The small shoulder ar 245 0C indicate that some cobalt is supposed to be reduced to metallic cobalt at the end of 
the first redution step. The Co3+ to Co2+ reduction peak is shifted to lower temperatures at 396 0C and Co+2 to Co0 at 588 0C 
in Sr substituted samples.  
3.3. Catalytic oxidation of CO 
CO conversion as the function of temperature over LaCoO3 and La0.8Sr0.2CoO3 catalysts are shown in fig. 4 and light off 
temperature (T50%) and full conversion temperature (T100%) on the catalyst are presented in Table 3. 
 
Fig. 4. CO conversion as the function of reaction temperature over ( ) LaCoO3 ( ) La0.8Sr0.2CoO3 
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La0.8Sr0.2CoO3 exhibited higher activity for CO conversion than LaCoO3. 100% CO conversion at 268 0C was achieved with this 
catalyst. The oxidation of carbon monoxide is directly dependant on three factors. The first one is the reducibility of the 
transition metal cations in order to produce vacancies. These vacancies are essential to allow the adsorption of CO. The 
second factor is the amount of -oxygen available to initiate the reaction of CO oxidation into CO2. The third factor is 
surface area. As the surface area of sample is more, it accommodates more active sites for CO oxidation reaction. 
 
The introduction of Sr significantly increased the quantity of weakly adsorbed oxygen on the perovskite which could be 
responsible for improvement of the catalytic properties. If A site of perovskites substituted with other bivalent or tetravalent 
metal cation  change the oxidation state of B cation and also modify the catalytic activity by reducing the transition metal at 
low temperature. As it reduce at low temperature, more -oxygen require for CO oxidation is release. Surface area of 
La0.8Sr0.2CoO3 is more compared to LaCoO3. Therefore, number of active sites are available more for CO oxidation reaction. 
 
Table 3.  Light of Temperature (T50%) and T100% in 0C 
 
 
 
 
 
 
4. Conclusion 
Perovskite type catalysts La1-xSrxCoO3 (x=0, 0.2) composition prepared by co precipitation method. XRD analysis 
showed that La1-xSrxCoO3 (x=0, 0.2) is a single-phase perovskite type oxides. Traces of La0.6Sr0.4CoO3 in addition to 
perovskite phase were detected in the La0.8Sr0.2CoO3 catalyst. Specific surface area of perovskites were 2.60 m2g-1 and 5.31 
m2g-1 for LaCoO3 and La0.8Sr0.2CoO3  respectively. 
La0.8Sr0.2CoO3 exhibited higher activity for CO conversion than LaCoO3. 100% CO oxidation at 268 0C was achieved 
with this catalyst. Strontium substitution in LaCoO3 is responsible for enhanced CO oxidation activity due to easy reduction 
of transition metal and oxygen desorption properties. 
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Catalyst composition T
50%
 T
100% 
 
LaCoO3 180 277 
La0.8Sr0.2CoO3 
 
196 268 
